To gain insight concerning the genetic diversity of HIV-1 viruses associated with the HIV-1 epidemic in Yugoslavia, 45 specimens from HIV-1-infected individuals were classified into subtypes by sequence-based phylogenetic analysis of the polymerase (pol) region of the viral genome. Forty-one of 45 specimens (91.2%) were identified as pol subtype B, 2 of 45 as subtype C (4.4%), 1 of 45 as CRF01_AE (2.2%), and 1 as CRF02_AG recombinant (2.2%). Nucleotide divergence among subtype B sequences was 4.8%. Results of this study show that among HIV-1-infected patients in Yugoslavia subtype B predominates (91.5%), whereas non-B subtypes are present at a low percentage, mostly related to travel abroad.
H
UMAN IMMUNODEFICIENCY VIRUS TYPE 1 (HIV-1) is characterized by extreme genetic variability. HIV-1 isolates can be classified in three main groups, M (main), O (outlier), and N (new), with further subtypes within the M group (A, A2, B, C, D, F1, F2, G, H, J, and K). In addition, 12 circulating recombinant forms (CRFs) have been identified: CRF01_AE, CRF02_AG, CRF03_AB, CRF04_cpx, CRF05_DF, CRF06_cpx, CRF07_BC, CRF08_BC, CRF09_cpx, CRF10_CD, CRF11_cpx, and CRF12_BF. 1 Geographical distribution differs between subtypes, with subtype B being most prevalent in Western Europe, the Americas, and Australia, whereas in Africa and Asia a number of non-B subtypes are present. 2, 3 However, the range of non-B subtypes described in Western countries is increasing, mainly due to individuals who have traveled to other continents or immigrated from them. 3 In some European countries non-B subtypes, having no direct relation with travel abroad, are present, as in Cyprus and Greece, where the recombinant form CRF04_cpx is present at a percentage of up to 9.8%. 4, 5 Growing information about HIV-1 subtypes circulating in Eastern Europe, showed that a large number of strains are other than clade B. In Romania, for example, subtype F is present at a percentage of 93%, while in Russia distinct subtype distributions exist in different risk groups. [6] [7] [8] Surveys of the global genetic diversity of HIV-1 strains provide basic information needed for effective vaccine development, for monitoring the spread of infection, and for accuracy of diagnostic tests.
HIV-1 infection in Yugoslavia was first identified in 1985. 9 Since that time, up to December 2000, 830 AIDS cases have been identified. Among them 48.9% were intravenous drug users (IDUs), 33% were sexually infected, 11.5% were infected through transfusion of blood or blood products, 0.7% were infected vertically, whereas for 5.9% the risk of transmission is unknown. According to estimates presented by the World Health Organization (WHO, Geneva, Switzerland), the number of infected persons is close to 5000. 10 Up to now there has been no information about the molecular analysis of the HIV-1 epidemic in Yugoslavia.
To gain insight about the HIV-1 subtype distribution pattern in Yugoslavia, we studied the genetic variability and phylogenetic relationships of the pol gene segment in 45 HIV-1-infected patients (23 males and 22 females). Plasma specimens used in the study were collected from 1997 to 2000 from HIV-seropositive patients visiting the Institute of Infectious and Tropical Diseases in Belgrade. The patients varied in age (from 7 to 56 years; mean, 30. cally infected children). The viral load of all samples included in the study was previously tested (Amplicor HIV-1 Monitor test; Roche Diagnostic Systems, Branchburg, NJ) and determined to be greater than 1000 copies/ml (log 3 ). RNA was extracted from plasma by use of a TruPrep extraction kit for viral RNA (VG 65000; Visible Genetics, Toronto, Canada) and a 1.3-kb pol gene segment encoding protease and 250 codons of reverse transcriptase (RT) was reverse transcribed and amplified with a TruGene HIV-1 genotyping kit (Visible Genetics). Purified DNA products were sequenced with an OpenGene DNA sequencing system (OpenGene; Visible Genetics). The HIV-1 subtyping tool, available at the NCBI web pages (http://www.ncbi.nlm.nih.gov/retroviruses/subtype/), was used for the first investigation and recognition of pure subtypes or CRFs. The BLAST search tool at the Los Alamos database was used to obtain sequences with high similarity to sequences of this study.
Thirty-two sequences, for which at least 621 nucleotides were determined, were aligned by CLUSTAL W with respective subtype reference sequences obtained from the Los Alamos database (http://hiv-web.lanl.gov/) that are representative of the current HIV pandemic. Reference sequences used for phylogenetic analysis were as follows: subtype A, SE.94.SE7253 Aligned sequences were investigated by phylogenetic inference analysis, using the PHYLIP package version 3.57c. 11 DNADIST (with the Kimura two-parameter method and a transition/tranversion ratio of 2.0) and FITCH programs were used to construct trees and SEQBOOT to generate bootstrap data files (100 replicates). CONSENSE was used to compute consensus trees. Data about patients carrying these sequences are shown in Table 1 .
It was found that 41 of 45 patients (91.2%) were carrying subtype B sequences, 2 of 45 (4.4%) were carrying subtype C, 1 of 45 (2.2%) subtype CRF01_AE, and 1 of 45 (2.2%) were carrying CRF02_AG sequences. Determination of genetic distances among subtype B sequences revealed that the mean pairwise intrasubtype nucleotide divergence among subtype B sequences was 4.8% (range, 1.4-9.2%; SD 1.2), and 3.3% (range, 1.9-6.2%; SD 1.1) with the subtype B reference strain used in this study. YU2  AF441170  C  M  1947  Heterosexual  YU3  AF435848  B  M  1964  IDU  YU4  AF439954  B  M  1969  Homosexual  YU5  AF439441  B  M  NA  Homosexual  YU6  AF439955  B  M  1948  Homosexual  YU7  AF439437  B  M  1974  Homosexual  YU8  AF435846  B  F  NA  Heterosexual  YU9  AF439960  CRF1  F  1971  Heterosexual  YU10  AF439432  B  F  1969  Heterosexual  YU11  AF439433  B  F  1958  Heterosexual  YU12  AF439958  B  M  1944  Homosexual  YU15  AF439959  B  M  1956  Bisexual  YU16  AF441171  C  M  1954  Heterosexual  YU19  AF439439  B  M  1991  Vertical  YU22  AF435849  B  F  1968  IDU  YU31  AF439951  B  F  1968  Heterosexual  YU30  AF435841  CRF2  F  1960  Heterosexual  YU34  AF439440  B  F  1957  Heterosexual  YU37  AF435850  B  F  1968  IDU  YU38  AF439952  B  M  1971  Homosexual  YU39  AF439434  B  F  1966  IDU  YU40  AF439953  B  M  1969  Homosexual  YU41  AF435842  B  F  1991  Vertical  YU42  AF435847  B  M  1970  Transfusion  YU43  AF435843  B  M  1979  Homosexual  YU44  AF439957  B  F  1982  Transfusion  YU45  AF435845  B  F  1963  Heterosexual  YU47  AF439435  B  M  1955  Heterosexual  YU50  AF435844  B  M  1964  Heterosexual  YU51  AF441169  B  M  NA  Homosexual  YU52  AF439956  B  M  NA  Homosexual  YU54  AF439436  B  F  NA  IDU Abbreviations: IDU, intravenous drug user; NA, not available.
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The subtype C sequences (YU2 and YU16) differed from each other by 6.5%, and by 6.15% with the subtype C reference strain used. In addition, sequences of the patient carrying a CRF01_AE strain (YU9) differed from the reference strain CM240 from Thailand by 3.3%, whereas sequences of the patient carrying a CRF02_AG strain (YU30) were 5.3% different from the reference strain DJ263. The diversity between subtype B sequences circulating within particular risk groups was found to be 5.4% (range, 1.4-9.2%; SD 1.6) for homo/bisexual transmission route, 3.2% (range, 2.9-3.8%; SD 0.3) for IDUs, and 4.4% (range, 2.1-7.5%; SD 1.2) for heterosexual transmission route.
Results of this study show that among HIV-1-infected patients in Yugoslavia subtype B predominates (91.5%), whereas other subtypes are identified in individuals most probably exposed to HIV infection abroad. Patients carrying subtype C sequences (YU2 and YU16), as well as the patient with CRF02_AG sequences, had been living or had traveled to African countries, and probably had been infected there, through heterosexual exposure. However, concerning the patient harboring CRF01_AE sequences, there are no epidemiological data indicating exposure to the virus abroad.
Our results do not show any genetic association between particular HIV subtypes and the route of transmission, because most subjects from every risk group were carrying subtype B sequences.
To better understand the transmission dynamics and temporal introduction of HIV-1 variants we analyzed epidemiological data. According to these data HIV-1 infection in Yugoslav patients was first recognized in IDUs, and they seemed to be the source of the epidemic for other risk groups. 12 Epidemiological data reveal that the prevalence of HIV infection in this particular risk group is high, 44%; still, intersample distances among recovered sequences are not long (3.2%), indicating a possible common ancestor. During the first years of the epidemic in Yugoslavia, IDUs represented the major risk group for HIV infection, with 54% of all registered AIDS cases before 1996 being among the IDUs. In the cumulative number of registered AIDS cases so far, intravenous drug use is still the most prevalent transmission route (48%), although the relative percentage is yearly gradually declining (41% in 1996, 35% in 1997, and 37.7% in 1998). These aspects of the HIV epidemic in Yugoslavia resemble those of Italy, with 62.8% of all registered AIDS cases being among IDUs (66.4% of all AIDS cases before 1996, 59.8% in 1996, 55.6% in 1997, 48.8% in 1998 and 45.6% in 1999). 10 Interestingly, BLAST search analyses of newly identified sequences from Yugoslavia revealed that the majority of closest matches were among Italian sequences, especially for samples from IDUs and heterosexually infected individuals. These results could indicate a possible connection between HIV epidemics in two neighboring countries, particularly in the group of IDUs.
In conclusion, the HIV epidemic in Yugoslavia is characterized by the dominance of subtype B, although subtype C and CRF01_AE and CRF02_AG are also found. The intrasubtype genetic divergence of subtype B sequences is rather low, 4.8%, not suggestive of multiple sources of the epidemic. Non-B subtypes are present in a low percentage, mostly related to travel abroad.
